The late Neogene succession continuously cored at Hole 397 has been investigated in detail from Cores 69 to 19 to calibrate datum planes based on calcareous nannofossils and planktonic foraminifers with the sequence of magnetic reversals detected in the cores. Nine datum planes based on calcareous nannofossils, 7 based on planktonic foraminifers, and 15 magnetic reversals were detected from Section 57-3 to Core 19. The interval spans 5 m.y., and encompasses paleomagnetic Epoch 7 (partim) to the Matuyama Epoch (partim).
INTRODUCTION

Purpose
This report has multiple purposes. First multidisciplinary research on the geodynamic significance of the late Miocene salinity crisis in the Mediterranean has provided an immense body of information and experience, which we wished to utilize to better interpret the sediments cored off Cape Bojador. In particular, the foraminiferal and nannofossil contents of a number of carefully measured stratigraphic successions have been investigated from Italy (d'Onofrio et al., 1975 and from northern Africa (Bossio et al., 1976; Barbieri et al., 1976; Arias et al., 1977) . Second, we considered the Cape Bojador succession an important deep-sea reference section for the extra-Mediterranean record during the time interval spanning the "salinity crisis" (see Cita in Smith, 1977) . In our opinion, the biostratigraphy founded on calcareous nannofossils has the greatest resolution for the stratigraphic interval under discussion; we have nine datum levels available which are usable as zonal boundaries. In addition, we could utilize 15 magnetic polarity boundaries which can be independently calibrated to the nannofossil datums at other locations.
Methods
Approximately 200 samples are investigated micropaleontologically: one from each section from Core 19 (late Pliocene) to Core 69 (late Miocene). The material received was split in two groups; alternating samples were studied by R. M. at Pisa, and by I. R. and D. R. at Parma. The purpose of this subdivision was to obtain a better, more reliable, double checked stratigraphically controlled interval. Also, with two working groups, we could take advantage of their slightly different previous experience in regional stratigraphy.
One smear slide was obtained from each sample, from which observations were made on the optical polarizing microscope. A general range chart constructed from all the 200 samples is not included here, but it is at DSDP Headquarters at La Jolla and at the disposal of all interested scientists. Approximately 100 samples were investigated in a semiquantitative way, slightly modified after the procedures of Hay and Beaudry (1973) . The results of this semiquantitative evaluation of the fossil occurrences are tabulated in Figure 1 , where the criteria used for this evaluation are explained in detail.
RESULTS
From bottom to top, the interval investigated is here subdivided in two major parts: the first encompasses Core 69 to Section 57-4, the second from Section 57-1 to Core 19. Three parts are recognizable in this interval as follows: 1) Lower interval (Cores 69 through 66). Normal, hemipelagic sediments prevail, however slumped layers were recorded at various levels. Since samples from these lower cores were taken after the cruise, particular attention was given to their avoidance.
2) Intermediate interval (Core 65 through Section 61-6). Normal, hemipelagic sediments throughout.
3) Upper interval (Sections 61-5 through 57-4). Slumps are frequent in this interval, and several samples were taken from disturbed, contorted layers. Some of them (not all) yielded nannofossil assemblages which are older than those from underlying beds (see Figure 2 ).
Generally speaking, calcareous nannofissil assemblages are rich, abundant, and well diversified. Evidence of dissolution at depth is recorded in planktonic foraminiferal assemblages. Nannofossils are poorly preserved, with etching and overgrowth common and occasionally hampering the identification of Discoasters at the species level.
Most of the interval under discussion is referred to as the Discoaster hamatus Zone of Bukry (1973a Bukry ( , 1975a , whose definition matches that of Zone NN 9 of the standard zonation (Martini, 1971 upper interval with slumps (such as Samples 61-5, 101 cm; 61-3, 101 cm; and 60-5, 101 cm), and as far uphole as Section 58-1. The nominal taxon is recorded in most of the samples investigated, both those from the slumps and from the "normal" sediment. Therefore, it is questionable whether the specimens are reworked, or whether the entire upper interval is disturbed, despite sedimentological evidence to the contrary. (Mazzei, 1977) .
2) the FAD of Globigerinoides obliquus extremus postdates the LAD of D. hamatus (Martini, 1975; Mazzei, 1977) .
The former biostratigraphic event was recorded in Section 63-1 (see Figure 2 ), the latter in Section 60-2 (see Salvatorini and Cita, this volume Figure 1 shows the distribution of the age-diagnostic taxa from this interval. The zonation adopted here incorporates a number of zones previously defined by Hay et al. ) 1967), Gartner (1969) , Martini (1971) , Bukry (1973d Bukry ( , 1975b , and Roth (1973 Roth ( , 1974 ; see Figure 3 . From bottom to top, the following zones could be identified:
Discoaster berggrenii Zone: defined as the interval from the FAD of the nominal taxon to the FAD of Amaurolithus primus, this biozone encompasses Samples 57-1, 101 cm to 52-1, 104 cm, with a total thickness of approximately 48 meters. The most significant taxa associated with the zonal marker are D. MARTINI, 1971 BUKRY, 1973d Roth (1973) , and to the D. berggrenii Subzone of Bukry (1973d) . Amaurolithus primus Zone: the interval from the FAD of the nominal taxon to the LAD of Discoaster quinqueramus. The taxa which characterize the present zone are the same as in the underlying zone, plus nonbirefringent Ceratoliths {A. primus, A. delicatus, A. amplificus) . Though Ceratoliths are not particularly abundant in the Cape Bojador drill site, their presence is considered meaningful. Reference is made to the section on reworking for the location of the D. quinqueramus LAD. A. amplificus becomes extinct within this biozone, which encompasses Samples 50-1, 101 cm to 43-4, 100 cm, for a total thickness of approximately 70 meters. The correspondence between this biozone and others in indicated in Figure 3 .
Triquetrorhabdulus rugosus Zone: the interval from the LAD of D. quinqueramus to the LAD of the nominal taxon. It includes Samples 43-2, 90 cm to 41-3, 101 cm, for a total thickness of approximately 16.5 meters. The floral assemblage is similar to those of the underlying zone, with the exception of D. quinqueramus and D. berggrenii, which are here rare and interpreted as being reworked (see below). Occasional specimens of A. tricorniculatus and Discoaster asymmetricus are also recorded. Reference is made to Figure 3 for correlations.
Ceratolithus acutus Zone: the interval from the LAD of T. rugosus to the FAD of Ceratolithus rugosus. It encompasses Samples 39-5, 91 cm to 38-5, 101 cm, for a total thickness of approximately 10 meters. This short duration biozone has been defined by Bukry (1973d) . as a sub-zone, and also used by Roth (1973) . According to both authors, it is characterized by the occurrence of Ceratolithus acutus which is only occasionally recorded at DSDP Site 397. Following Bukry (1973d) , we based the identification of this biostratigraphic interval on the extinction of Triquetrorhabdulus rugosus, a taxon which is consistently recorded in the Cape Bojador drill site, though never abundant. The two biostratigraphic events (LAD of T. rugosus and FAD of C. acutus) could be slightly diachronous, however the difference is very small (Bukry, 1973d, p. 694) .
Ceratolithus rugosus Zone: the interval from the FAD of C. rugosus to the LAD of Amaurolithus delicatus. It encompasses Samples 38-4, 101 cm to 32-3, 101 cm, for a total thickness of approximately 55 meters. Within this biozone, we can see the consecutive disap-pearance of the three species of non-birefringent Ceratoliths Amaurolithus tricorniculatus, A. primus, and A. delicatus. It is worthwhile mentioning that the forms which we refer to C. rugosus occasionally display highly evolved characters, similar to those recorded in C. cristatus. The first occurrence of primitive forms of Pseudoemiliania lacunosa is recorded in the upper part of this interval. Discoaster asymmetricus, which is consistently recorded (though rare) throughout the present biozone, increases in abundance in the following one.
Reticulofenestra pseudoumbilica Zone: the interval from the LAD of Amaurolithus delicatus to the LAD of the nominal taxon. It includes Samples 32-2, 101 cm to 22-2, 101 cm, with a total thickness of 95.0 meters, although scattered occurrences of R. pseudoumbilica are found upwards to Core 19. Among the taxa which characterize this interval are Discoaster tamalis and D. asymmetricus (which are first here recorded with a certain degree of abundance), Pseudoemiliania lacunosa (well-represented with typical forms), and Ceratolithus rugosus. C. telesmus is also recorded here. Reference is made to Figure 3 for the correlation and correspondence with other zonation used in the literature.
Discoaster surculus Zone: the interval from the LAD of Reticuloferestra pseudoumbilica to the LAD of the nominal taxon. It corresponds to Sample 22-1, 101 cm to 20-1, 31 cm, with a total thickness of approximately 20 meters. Within this zone, Discoaster asymmetricus and D. tamalis, which were well represented in the underlying zone, are again rare. This interval corresponds to Zone NN 16 of the standard zonation; to the lower part of the Discoaster brouweri Zone of Bukry (1973d) , i.e., D. tamalis and D. surculus subzones; and to most of the D. tamalis Zone of Roth (1973) .
Discoaster pentaradiatus Zone: the interval from the LAD of D. surculus to the LAD of the nominal taxon. Only Core 19, with a total thickness of 9.5 meters, is referable to this zone, which is known as the shortest in duration of Martini's zonation (NN 17).
DISCUSSION
The Problem of Reworking
In a continental rise setting, one may expect to encounter reworked strata. In the late Neogene succession investigated here, however, reworking is not important, especially in the upper part of the section above the slump interval. Between Core 69 and Section 57-3, we noticed the effects of slumping and reworking interacting. Nannoconus from the Early Cretaceous are recorded frequently, but never abundant; Discoaster saipanensis from the Eocene was noticed in Core 68 and Section 63-1; Isthmolithus recurvus, from the Eocene, is present in Section 58-2; whereas Sphenolithus heteromorphus, from the early and middle Miocene, is found in several samples.
Between Section 57-3 and Core 19, where hemipelagic sediments were recorded, reworking is slight; however, we noticed some reappearances of characteristic taxa above their LAD. In such cases, the location of the LAD in the stratigraphic succession could be questioned. We therefore looked for other evidence suggestive of reworking, such as (a) the occurrence of planktonic foraminiferal species interpreted as reworked in the same interval, and (b) of terrigenous input in abnormal abundances. In other words, we tried to discriminate the biostratigraphic "signal" provided by the extinction of characteristic taxa from the "noise" induced by reworking.
From bottom to top, the major discrepancies between LAD and higher (scattered) occurrences concern the following taxa:
Discoaster berggrenii: LAD in Section 43-2, scattered occurrence up to Core 19.
Discoaster quinqueramus: LAD in Section 43-4, very scattered occurrence up to Section 22-2, with a limited peak of abundance in Section 30-4.
Amaurolithus spp.: LAD in Section 32-3, higher occurrences (very scattered) up to Section 27-1 {A. delicatus), and up to Section 22-2 {A. tricorniculatus).
Reticulofenestra pseudoumbilica: LAD in Section 22-2, scattered occurrence up to Core 19.
Sphenolithus spp.: strong decrease in abundance in Section 26-3, and a general upwards decrease in abundance.
Paleoecological Indications of the Nannofossil Assemblages Site DSDP 397, about 90 kilometers from the African coast at 26 °N, is located in an area of upwelling and active boundary currents (Canary Current). Are these oceanographic conditions affecting the composition of the calcareous phytoplankton? Is there any indication in the fossil assemblages that these conditions changed through time? The following observations concern the post-slump interval, i.e., Cores 57 (partim) to 19.
The nannofossil assemblages generally are rich and well-diversified throughout the upper Miocene to upper Pliocene. The only exception is represented by the group of Ceratoliths, which only occasionally represent a significant component of the assemblage. Ceratoliths are open ocean forms; therefore, it is not surprising that they are poorly represented in a continental rise setting.
The genus Scyphosphaera is represented in most samples, however the number of specimens is low. According to the majority of authors (e.g., Rade, 1976) , this genus prefers shelf areas and is common in tropical and subtropical water masses. Its absence or scattered occurrence suggests the persistence of cool boundary currents in this area. It is worthwhile mentioning that the genus Scyphosphaera is much better represented in the Mediterranean area, both in the late Neogene fossil record and in the present-day Tyrrhenian Sea (Cati and Borsetti, 1970b) . The implication is that the Mediterranean waters were relatively warmer than northeastern Atlantic water at lower latitudes in the time interval under discussion. This deduction is supported in part by the qualitative and quantitative distribution of planktonic foraminifers, with special reference to the late Pliocene. It is in good agreement with the circulation pattern postulated by Cifelli for the late Pliocene.
Not recorded at all in any of the 200 samples investigated is the opportunistic genus Braarudosphaera ("discoaster form" sensu Fischer and Arthur, 1976) . Its absence suggests normal marine conditions, without dilution by continental waters, and an absence of stress conditions. Figure 4 shows the relative position of key species of calcareous plankton, as recorded in the interval investigated at the Cape Bojador drill site. Reference is made to a previous section of this paper for a discussion of the calcareous nannofossils. Although over 40 species of planktonic foraminifers have been identified, only a few are plotted here. They have been carefully selected excluding some typically tropical forms (such as Globorotalia tumida, Pulleniatina spp., and the Globorotalia menardii plexus), because of their sensitivity to climatic changes, to dissolution at depth, or for their scattered occurrence. A range chart encompassing Cores 57 to 32 is included in the paper by Salvatorini and Cita (this volume) to which reference is made; no range chart is provided for the cores above this interval. Seven foraminiferal datum planes could be recognized in the interval encompassing Section 57-3 to Core 19. From bottom to top, they are as follows:
Correlation With Planktonic Foraminferal Datum Planes
1) Coiling change of Globorotalia acostanensis from sinistral (below) to dextral (above) from Sections 47-3 to 47-2, at approximately 440 meters sub-bottom. An identical coiling change predating the FAD of G. margaritae has been recognized by Saito et al. (1975) in the equatorial Pacific (Core RC 12-66), by Bossio et al. (1976) in the Bou Regreg section of Morocco, and in the Mediterranean (see Stainforth et al., 1975, fig. 25, p. 105 and p. 333; Zachariasse, 1975) .
2) FAD of Globorotalia margaritae recorded in Section 45-1 at approximately 418 meters sub-bottom. It is an evolutionary first occurrence, as discussed in Salvatorini and Cita (this volume), and it is recorded a few meters beneath the LAD of Discoaster quinqueramus. The relative position of the two biostratigraphic events is similar to that recorded in Core RC 12-66 (Equatorial Pacific) by and by Saito et al. (1975) . The same relative position of taxa has also been recorded in the Bou Regreg section of Morocco (Bossio et al., 1976) .
3) FAD of Globorotolia puncticulata recorded in Sample 35-2, CC, possibly at 323 meters sub-bottom (could be also 332 m sub-bottom, due to incomplete core recovery). The FAD of G. puncticulata is considered an excellent biostratigraphic datum plane in the Mediterranean region, and is recorded very close to the FAD of Ceratolithus rugosus. In equatorial Pacific piston cores (RC 1-66 and V 24-59), the entrance of C. rugosus predates that of G. puncticulata (see versus Saito et al., 1975) ; the same relative position is recorded in the Capo Rossello section (Zanclean stratotype, see Cita and Gartner, 1973; Gartner, 1977) .
At DSDP Site 132, G. puncticulata is first recorded slightly beneath the first appearance of C. rugosus (Stradner in Ryan, Hsü, et al., 1973; Bukry, 1973c ; see also discussion in Ryan et al., 1974) . 4) LAD of Globorotalia margaritae recorded in Section 29-1, at approximately 266 meters sub-bottom. This datum plane is weakly defined in this hole, since the taxon is also recorded higher in the section, where its occurrence is interpreted as due to reworking. The distribution of the taxon is consistent and continuous up to Core 32. The occurrence is scattered from this point uphole; this taxon is consistently absent from all the samples investigated from Core 28. No marked contradiction versus the nannofossil biohorizons is recorded: the extinction of G. margaritae falls within the lower part of the Reticulofenestra pseudoumbilica Zone.
5) LAD of Sphaeroidinellopsis spp. recorded in Section 25-1, at 228 meters sub-bottom. The LAD of Sphaeroidinellopsis spp. and of Globoquadrina altispira are recorded very close to one another at Site 397, as in other areas (see Hays et al., 1969; Saito et al., 1975; Cita, 1973b; Ryan et al., 1974) . The relative position of this datum plane and of the zonal boundary between the Reticulofenestra pseudoumbilica and Discoaster surculus zones as recorded at Site 397 is consistent with what has been observed in the equatorial Pacific , versus Saito et al., 1975 and in the Mediterranean area (Capo Rossello, see Cita and Gartner, 1973) , where the LAD of Sphaeroidinellopsis predates the LAD of R. pseudoumbilica. In the Tyrrhenian Sea (Site 132, see Cita and Ryan, 1973) , the two datum planes are virtually coincidental, as well as at Site 12 in the North Atlantic where the LAD of R. pseudoumbilica is recorded 75 cm beneath the LAD of Sphaeroidinellopsis.
6) LAD of Globigerinoides obliquus extremus recorded in Section 1 of Core 21, at approximately 190 meters sub-bottom. The relative position of this LAD versus the LAD of Discoaster surculus differs at Sites 397 and 132; in the latter, D. surculus disappears earlier than G. extremus, unlike at Cape Bojador. In both instances, the two biostratigraphic events are close to one another. 7) LAD of Globorotalia miocenica recorded in Section 19-1, at 171 meters sub-bottom. The relative position of this datum level versus the nannofossil biostratigraphy is in good agreement with the recorded findings in the equatorial Pacific Saito et al., 1975) .
Correlation With Magnetic Reversals and With the Paleomagnetic Time Scale
Fifteen polarity reversals are recognized in the interval encompassing Cores 57 to 19. Some of these reversals can be correlated in a straightforward manner to an established geomagnetic polarity time scale (Hamilton, this volume), whereas others are not easily attributed to a definite event or epoch. These differences in the paleomagnetic record for the Cape Bojador drill site possibly are due to a combination of missing data (because of drill core disturbance, some intervals could not be sampled), coupled with difficulty in the recognition of absolute polarities in sediments with very low magnetic intensities. Contrary to previous conventions, we will now discuss the section from top to bottom (see Figure 4) .
1) The long interval with reversed polarity encompassing Cores 19 to 23 (209 m sub-bottom) corresponds to the lower part of the Matuyama Epoch. The paleomagnetic assignment has a good biostratigraphic support founded on both foraminifers and calcareous nannoplankton.
2) The interval from the top of Core 23 to the top of Core 30 (209 to 275 m sub-bottom), which should correspond to the Gauss Epoch, is more difficult to interpret. In fact, the normal polarity intervals which are recorded (respectively) in the topmost part and in the lowest part appear much shorter than usual. This paleomagnetic signature, if correct, could suggest (minor) hiatuses. Is there some supporting evidence in the stratigraphic record for the above assumption? All the planktonic foraminiferal biozones, and all those based on calcareous nannofossils recorded, or which should be recorded in this interval, are present at Site 397, with the exception of the Discoaster tamalis Zone of Bukry (1973d) . This zone is defined as the interval from the LAD of R. pseudoumbilica to the LAD of Discoaster tamalis; the two taxa disapper at the same level at Site 397 (see Figure 4) in Section 22-2, or above the interval under discussion. In other words, if hiatuses do exist, they have a duration which is shorter than the duration of a biozone.
The relatively reduced thickness of Zone M PI 5 (of Cita, 1975b) in the Cape Bojador succession could be in agreement with a reduction related to a (small) hiatus above the extinction horizon of Sphaeroidinellopsis (Zone M PI 4/M PI 5 boundary), located at the base of Core 24. The location of this datum plane with reference to the paleomagnetic record is in good agreement at Site 397 and in the equatorial Pacific (Core RC 22-66, see Saito et al., 1975) .
3) The underyling interval located between 290 and 397 meters sub-bottom is correlated to the Gilbert Epoch. Only two of the four normal events known to occur in this epoch could be recognized. It is suggested that the Nunivak and Cochiti events may be combined in the single normal interval. Similarly, Ci and C 2 are not recognizable as split events.
The following biostratigraphic horizons, previously calibrated to the paleomagnetic record, are useful in deciphering this interval (always discussed from top to bottom): (a) LAD of Amaurolithus delicatus at the top of the Gilbert (see . (b) FAD of Globorotalia puncticulata at the base of a normal interval (Cochiti/Nunivak?). This biostratigraphic event is calibrated at the Ci/B event of the Gilbert Epoch according to Ryan et al. (1974) . The somewhat delayed entrance of the taxon at Site 397 could be related to the poor core recovery in this particular part of the section, (c) FAD of Ceratolithus rugosus at the base of the normal event (d/ C 2 ) in a normal interval (C 2 according to Ryanet al., 1974) .
4) The interval, with prevailing normal magnetization, between 397 and 443 meters sub-bottom, is referred to Epoch 5. This interpretation is well supported by biostratigraphic data, in particular (a) overlap of Discoaster quinqueramus and of Globorotalia margaritae from Sections 43-4 to 45-1. (b) FAD of Globorotalia margaritae in the reversed interval of Core 45. This paleomagnetic calibration is in perfect agreement with that recorded by Saito (in Ryan et al., 1974 , see also Saito et al., 1975) in Core RC 12-66 from the equatorial Pacific, (c) coiling change of G. acostaensis from sinistral up to Section 47-3, to dextral uphole from Section 47-2. This biostratigraphic event was calibrated in the equatorial Pacific piston Core RC 12-66 in the lowermost part of Epoch 5, or at exactly the same position as at Site 397.
5) The interval from the paleomagnetic reversal recorded at 443 meters sub-bottom to an unidentified level at approximately 465 meters sub-bottom (gap in the paleomagnetic record) corresponding to the FAD of Amaurolithus delicatus is tentatively referred to Epoch 6. The biostratigraphic evidence supporting this assignment is the FAD of A. delicatus (i.e., Ceratolithus tricorniculatus Auctorum), considered as occurring at the top of Epoch 7 (Ryan et al., 1974) and recorded in Core 49, Section 3, at approximately 465 meters sub-bottom. 6) The lowermost part of the interval at approximately 465 meters sub-bottom (?) is tentatively referred to paleomagnetic Epoch 7, on the basis of the FAD of A delicatus (see above), of the FAD of Discoaster quinqueramus, and on the extinction of D. neohamatus (see fig. 11 of Ryan et al., 1974) .
Correlation With Mediterranean and North African Successions
The stratigraphic succession investigated from Cape Bojador has been correlated with five stratigraphic successions, as indicated in Figure 5 . The columnar logs are drafted at the same scale, and their lithology is schematically represented in the figure. All these sections have been carefully measured and investigated recently for their content of planktonic foraminifers and calcareous nannofossils. The Izarδrene section (see Arias et al., 1977) and that of Rio Mazzapiedi which includes the Tortonian stratotype (Cita and Blow, 1969; Martini, 1975; Ryan et al., 1974; d'Onofrio et al., 1975; Rio et al., 1976; Mazzei, 1977) are late Miocene in age, whereas the Bou Regreg section (Feinberg and Lorenz, 1970; Cita, 1974; Bossio et al., 1976; Wernli, 1977) extends from the late Miocene to the early Pliocene. The other sections considered from the Mediterranean (DSDP Site 132, see Cita, 1973a, b; Bukry, 1973c) and Capo Rossello (see Cita, 1975a; Cita and Gartner, 1973; Cita and Decima, 1975; Gartner, 1977) are mainly Pliocene in age, and extend beyond the Miocene/Pliocene boundary. As indicated in Figure 5 , the correlations are as follows, from bottom to top: 3 LAD of Discoaster hamatus. This datum allows a fairly good correlation with the stratotype section of the Tortonian stage. The biostratigraphic position of the basal beds exposed in the Rio Mazzapiedi section cannot be defined precisely because of the lithology, which is unfavorable to the preservation of calcareous nannofossils.
FAD of Discoaster berggrenii. This datum, as the previous one, can be correlated from the Cape Bojador succession to the Tortonian stratotype; in this latter section, however, the first local occurrence seems to be delayed by a facies control.
FAD of Amaurolithus delicatus. This biohorizon can be identified in all the Miocene sections considered here, as well as in several additional ones from the Mediterranean area (Falconara, Mussotto, Sant'Agata, Cropalati; see Rio et al., 1976) , where it occurs close to the FAD of Globorotalia conomiozea. This biostratigraphic event has been proposed by d 'Onofrio et al. (1975) boundary. In the Melilla section, the Ceratoliths are extremely rare, and A. delicatus has not been recorded. Therefore, the correlation is essentially founded on the FAD of G. conomiozea. LAD of Discoaster quinqueramus. This biohorizon has been recorded at Site 397 and in the Bou Regreg section of Morocco. In both sections, a distinct overlap of this taxon and of Globorotalia margaritae is noticed. In the Mediterranean area, this event cannot be precisely located, since it occurs during the salinity crisis of the Messinian.
FAD of Ceratolithus acutus. This event is interesting for the calibration of the Miocene/Pliocene boundary, since it has been recognized only 6 meters above the boundary stratotype designated at Capo Rossello, Sicily (Cita, 1975a; Gartner in Cita and Gartner, 1973) . Unfortunately, the taxon is extremely rare at Site 397; the reliability of this datum is supported, as previously mentioned, by the extinction of Triquetrorhabdulus rugosus.
FAD of Ceratolithus rugosus. This datum is recognized at Site 397 and in the Mediterranean (Site 132, Tyrrhenian Basin and Capo Rossello section, references as above Cita and Ryan, 1973) . LAD of Amaurolithus delicatus (i.e., Ceratolithus tricorniculatus extinction datum Auctorum). This event is recognizable at Site 397 and in the Mediterranean sections here discussed. As previously mentioned, this datum in Core 32 is difficult to locate with precision due to the likelihood of reworking from lower stratigraphic levels. At Site 397, the datum falls near the base of the Matuyama Magnetic Epoch whereas, in Pacific Ocean piston cores, the datum has been identified within the uppermost normal polarity interval of the Gauss Epoch , and in the Mediterranean, it has been located just below this normal polarity interval Ryan and Flood, 1973) . The paleomagnetic record from the Mediterranean is not of satisfactory quality because the samples were only AF demagnetized at 50 Oe. Hence, the possibility exists that the thickness of the R. pseudoumbilica Zone is overly exaggerated at Site 397. LAD of Discoaster surculus. As for the previous datum, the extinction of D. surculus in land-based sections is subject to uncertainties due to the possibility of reworking. The calibration of this datum with reference to the reversal sequence is somewhat different at Sites 397 and 132; in the latter, it is correlated with the top of the Gauss Epoch, whereas in the former it correlates with the lower Matuyama Epoch. The location of this biostratigraphic datum as recorded at Site 397 is in good aggreement with paleomagnetic calibration.
Calibration of the Cape Bojador Succession With Late Neogene Stage Boundaries and Epoch Boundaries
Tortonian/Messinian Boundary On Figure 5 , we indicate the location of the Tortonian/Messinian boundary in the Rio Mazzapiedi stratotype section according to the definition of Cita et al. (1965, see also Cita and Blow, 1969; Ryan et al., 1974) , based on the first impoverishment of marine fauna, and according to the new biostratigraphic definition of d 'Onofrio et al. (1975) , based on the first occurrence of Globorotalia conomiozea. For Site 397, we attempt to adopt the latter boundary, though the zonal indicator (G. conomiozea) is not recorded (see Salvatorini and Cita, this volume) . We are required, therefore, to use the FAD of Amaurolithus delicatus, a biostratigraphic event closely predating the FAD of G. conomiozea in many sections in the Mediterranean.
The Tortonian/Messinian boundary, identified as above, falls between Sections 49-1 and Section 48-6, at approximately 460 meters sub-bottom. It is correlated to the lowermost part of paleomagnetic Epoch 6, whose base on the paleomagnetic time scale of Ryan et al. (1974) is 6.5 m.y.B.P. This age estimate is in good agreement with the radiometric dates of 6.6 m.y.B.P. (±0.5 m.y.) in the Melilla section of Morocco (Arias et al., 1976) and of 6.8 m.y.B.P. on the Barquero volcano of southern Spain (van Couvering et al., 1976) in stratigraphic levels correlated with or just below the G. conomiozea FAD.
Miocene/Pliocene Boundary The Miocene/Pliocene boundary (i.e., Messinian/ Zanclean boundary) has its stratotype in Sicily at the base of the "Trubi" Formation at Capo Rossello (Cita, 1975a; Cita and Gartner, 1973; Cita and Proto Decima, 1975; Rio et al., 1976) . This boundary falls within the range of Amaurolithus delicatus and Globorotalia margaritae, close to the FAD of Sphaeroidinella, after the LAD of Discoaster quinqueramus, and slightly before the FAD of Ceratolithus acutus. In the Mediterranean area, the Miocene/Pliocene boundary, defined as above, coincides with the re-establishment of open marine conditions after the Messinian salinity crisis and with a marked lithologic and faunal break, which does not involve any significant time gap.
If we apply the biostratigraphic criteria mentioned above to the Cape Bojador succession, we find the following location of FADs and LADs: FAD of Globorotalia margaritae in Section 45-1, LAD of Discoaster quinqueramus in Section 43-4, FAD of Ceratolithus acutus in Section 39-5.
Due to the scattered occurrence of the last taxon at Site 397, we rely on the LAD of Triquetrorhabdulus rugosus, which is virtually coincident with the FAD of C. acutus in cores rich in Ceratoliths, and which is recorded up to Section 41-3. Consequently, the best estimate we can offer for a biostratigraphic correlation of the Miocene/Pliocene boundary is at the base of Core 42, at approximately 398 meters sub-bottom.
On the basis of previous works (see Hays et al., 1969; Berggren and van Couvering, 1974; Ryan et al., 1974; Cita, 1975a; Saito et al., 1975) , this boundary falls very close to the Gilbert/Epoch 5 boundary.
In the paleomagnetic stratigraphy worked out for Site 397, we recorded a magnetic reversal from normal (below) to reversed (above) at 397 meters sub-bottom, which should match this epoch boundary.
Zanclean/Piacenzian Boundary
In the sequence of standard marine stages of the Neogene, two names are commonly used for the lower subdivision of the Pliocene, i.e., Zanclean and/or Tabianian. The biostratigraphic extension of the two stratotype sections is not identical, as discussed by Cita (1975a, pp. 22-24) , the Zanclean being more extended both downwards and upwards than the Tabianian. The name Zanclean is adopted here because (1) its base coincides with the Miocene/Pliocene boundary stratotype, and (2) the term has been adopted at the 25th International Geological Congress (Syndey, 1976 , see Geological Newsletter, v. 1976 .
Following the principle that the top of a stage is defined by the base of the following stage (Hedberg, 1976) , we locate the Zanclean/Piacenzian boundary by correlation with the base of the Piacenzian stage, at Castellarquato. The biostratigraphic event closest to this boundary in the type section is the LAD of Globorotalia margaritae. The LAD of the genus Amaurolithus is recorded slightly below the base of the stage and slightly below the LAD of G. margaritae (Barbieri et al., 1974) . The LAD of Amaurolithus is recorded at Site 397 in Section 32-2. We locate the stage boundary above that level using the LAD of G. margaritae, at the top of Core 29, at approximately 266 meters subbottom.
